We have isolated a nonhistone chromosomal protein fraction from chicken liver chromatin which possesses high affinity and preferential sequence DNA binding. Residually DNA-bound nonhistone chromosomal proteins after 2.0 M NaCl extraction of bulk chromatin are isolated. Bound proteins are released by dissociation of the complexes in 5.0 M urea/3.0 M NaCl . We have investigated the in vitro DNA-binding properties of this class. In contrast to other DNA-binding NHCP whose activities have been studied, direct DNA-binding activity is observed which is not abolished under conditions of high ionic strength (to 3.0 M NaCl). Strong preference in binding fractionated homologous DNA is observed, while binding of heterologous (E_. Coli) DNA is negligible. The fractionation of homologous DNA permits the isolation of DNA for which this protein class displays strong binding preference, presumably through a concentration of binding sites. The composite data suggest sequence-specific interaction between this protein class and DNA, which is not abolished by high ionic strength.
INTRODUCTION
Because of various lines of evidence suggesting that nonhistone chromosomal proteins (NHCP ) play an important role in eukaryotic gene regulation (2-5), there has been considerable interest in recent years in the DNA-binding relationships of these proteins. DNA-binding proteins which display high affinity binding to control sequences, thereby controlling the genetic readout of contiguous gene sequences are well known for several prokaryotic operons (6-9). A number of different eukaryotic DNA-binding NHCP have been studied. Thomas and Patel (10) found a DNA-binding NHCP from rat liver chromatin which preferentially bound denatured DNA. Sevall e_t^ a_l_. (11) reported that a small fraction of rat liver NHCP could be isolated by tandem column chromatography which showed preference in binding rat DNA. Weideli et^ a_l_. (12) found a DNAbinding protein from unfertilized Drosophila eggs displaying a specific affinity for a defined Drosophi la DNA sequence, amplified using recombinant DNA technology. Jagodzinski £t^ a_J_. (13) found that a DNA-binding NHCP fraction showed preference in binding middle repetitive sequences in the rat genome.
Lesser and Comings (1^) reported a NHCP fraction from mouse liver chromatin which showed preference in binding mouse over E^. Col i DNA. Recently, Hsieh and Brutlag (15) reported the isolation and partial characterization of a protein from Drosophila embryos which binds in sequence-specific manner to one of the four Drosophila satellite DNAs.
This laboratory has been interested in the DNA-binding activities of the tightly-bound nonhistone chromosomal proteins. We designate this class M,, since it can be dissociated from chromatin DNA in our medium three (5.0 M urea -3-0 M NaCl). Previous work from this laboratory demonstrated that this class may possess a direct DNA-binding activity, without a requirement for the presence of histones (16) . Further, this class caused a marked enhancement in the transcriptional capacity of DNA complexed with histones (17) .
In more recent experimentation, it was demonstrated that the tightly-bound NHCP from chicken reticulocytes markedly concentrate globin gene sequences, but those from liver do not(i8). Through the study of reassociation kinetics of those DNA sequences which remain protein-bound after 2.0 M NaCl extraction (which removes histones as well as the vast majority of nonhistones), we found (19) that the tightly-bound NHCP in chicken reticulocyte chromatin are nonrandomly distributed on chromatin DNA, and appear to be exclusively associated with DNA of unique sequence. The composite data suggest that this protein fraction may be capable of DNA sequence recognition, and as such components thereof could be viable candidates for participation in the control of specific gene function.
In this report, we describe the DNA-binding activity of the tightly-bound NHCP from chicken liver chromatin. Briefly, the experimental approach is to fractionate chromosomal proteins and chromatin DNA by extraction of bulk chromatin with 2.0 M NaCl. After high speed centrifugation, two DNA fractions are recovered: one virtually protein free; the other displaying a relatively high protein/DNA ratio. With subsequent processing, unbound DNA and residual DNAprotein complexes can be separated. The details of this fractionation have been published elsewhere (18, 19) . Residual protein (the tightly-bound NHCP)
can be extracted from the isolated DNA-protein complexes by dissociation in 5.0 M urea -3-0 M NaCl, followed by dialysis to remove the urea and NaCl.
We find that the tightly-bound NHCP isolated in this manner have some very interesting properties. As assayed by nitrocellulose filter binding of protein-DNA complexes (20) , and under the proper conditions, we find that (1) these proteins display strong preference for the bound homologous fraction (DNA-P) over homologous unbound DNA (DNA-S) , with negligible binding to heterologous Other Methods: Protein concentrations were estimated by the dye-binding method of Bradford (26) . Protein electrophoresis was performed on 15% polyacrylamide-SDS gels using the discontinuous buffer system of Laemmli (27) .
Stained gels were scanned in a Pye-Unicam spectrophotometer equipped with a linear gel transport and X-Y recorder. That the proteins remaining DNA-bound in the DNA-P complexes are truly resistant to 2.0 M NaCl extraction, rather than simply being incompletely removed on first pass, is indicated in Table 2 . To verify that those proteins are truly resistant to 2.0 M NaCl extraction, we reextracted the isolated DNA- This indicated that DNA-binding activity was present, and suggested that sequence recognition might take place.
RESULTS

Chromosomal
Since it was possible that reaction conditions could have profound effects on protein/DNA recognition, these findings led us to explore the effects of reaction conditions on DNA-protein complex formation. Additionally, an understanding of the effects of reaction conditions could provide insight into the mechanism of DNA binding by these proteins.
In these studies, DNA-P was used to monitor "specific" site association, and E_. ionic strength with increasing protein input is presented in Figure 6 . In this experiment, we monitored the retention of homologous and heterologous
DNA.
In addition, we monitored the retention of homologous DNA fractionated into bound (DNA-P) and unbound (DNA-S) as described in Methods. We find that 
